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SEMICONDUCTOR LASER DEVICE 
BACKGROUND OF THE INVENTION 

Eifild ^ lie -^ fi ^ relates to a semiconductor 

The present invention relates to a 

. fira iiv to a semiconductor 
laser device, and more specifically, to 
la ser device adapted for use as a pumpxng IxgM so 
laser laser device of the 

optical flt-r amplifier, such ^ ^ ^ wavelength of . 
g ain-waveguide type that osculates wit ^ 
..„.. 0. 9 B an, reguires ^t-optical 
of mW . and capahle of -; n ;:; gh . ourrent operation, 

output characteristic even during hig 

EEi01L ira semiconductor Xaser device that has an active 
lajer q uantum region, formed of a guantum weii structure. 

I ect d carriers are guanoed toward guant™ wells. 
2 state density of carrier energy is stepped, 
^ordingly. the gain ^^J^^L . 
response to ^ in-urrent. "J^^ „ density . 

oscillated even with use g higher 

The semiconductor laser device o th- th at 

optical output than a semiconductor las « 

^ lavP r of a bulk semiconductor, so 

r;.tr, - - • — — 
, ......... .«» • »v» rrr,. ".r. "r 

■ ™ > u • ...«™" V •""* 

device, and Fit,. ^ \ 
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II of fig\i. 

The devic* has a layer structure of a semiconductor 
material. inclu^a^ower clad layer 2 of n-AlGaAs , an 
active layer 3 of a ^v^SS^^ InGaAS 
and GaAs , an upper clad layer 4 of p-AlGaAsyrffd a cap 
layer 5 of p-GaAs, which are stacked in layers on an n-GaAs 
substrate 1. A part of the upper clad layer 4 and the cap 
layer 5 form a mesa structure, and a p/ssivation film 6 of 
SiN is formed on the lateral of the rrfesa structure. 
Further, an upper electrode 7 of T^Pt/Au is formed on the 
cap layer 5 and the passivation fiClm 6, and a lower 
electrode 8 of AuGe/Ni/Au is farmed on the back surface of 

the substrate 1 

The device A is manuf/ctured in the following manner 

The aforesaid layer strucVur* is formed on the n-GaAs 
substrate by. for exampU. Ae MOCVD method, and the upper 
and lower electrodes a/eN?4med on the upper and lower 
surfaces, respective/ of the layer structure. Thereafter, 
the resulting structure is cleft with a given cavity length 
L. a low-ref lectio/ film 9 of. e.g.. SiN is formed on one 
end face (front *acet> S, of the structure, and a high- 

/. ~ ^ ~ cin/<5i is formed on the other 
reflection film/lO of. e.g., Si0 2 /sx is 

end face (rear/ facet) S 2 . 

In the/ase of the device A having this mesa 
structure, it is believed that high optical output can be 
effective!^ obtained by increasing the cavity length L. 
This is Zcause if the cavity length L increases , the 
influence of heat can be lessened, so that high-optical J 
outpu/can beexgecte^ If the cavity length is too W 
however^l^^ 

A ^r S , so that higher current is required for high- 
Ztical output operation. Normally, therefore, the cavity 
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t-his construction is designed 

le ngth , of the ^ng jfis no longer than ,.000 ... 
so thSt^cav"* length L ourre nt- optical 

The ln^« S -h S reo L examx^ 

• for the case where the c^x * 

output characteristic for struoture Z„n in FIGS. 1 

L of the device A with the lay y 

ousted to 800 vm. Thereupony^the 
and 2 was adjusted * the /ollowing new 

characteristic curve of FIG. 3 a y 

knowledge were obtained. -About 200 mA was 

«- 3 driVin / TlG 3 a/rst Kin* (a,, was 
injected, as seen from ' ^ ^ exlsting llne ar 

generated in the optical ^ ^ optioal output 

relation between the drlVin y was further increased 

j Tf the driving' current 
disappeared. If « 7 sec<jna kin)c (aj) wa s 

to a level (A,) of *f\Tj ' Thus . in tlie case of the 
generated in the optrc^ ■ ^ ^ ^ 

— as the arivin9 

. npd the oscillation spectrum of the de 

examined the os results of the 

= /description of tne 
following is a/descript 

examination. / spectrum obtained 

(1) Fli. 4 shows an oscillation spe 
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/ ' * * was at about 200 mA. 

wh en the i/jected current was at ^ ^ _ 

As /een from this oscillatron P act ually 
small n/ber of -gitudlnal 
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' 9 tensty of a central longitudinal 
in . X band g- - rn t nsity^ ^ ^ _ 

oscillation mode B ~ ^ lon g it udinal mode 

^"j^tOTP-^ by the central longitudinal 



4 



10 




15 



„ • Annates that the central 
Kin, ( a,, was generated "^ tM M the side mod e B, 

iongitudinal oscillation node B 0 3 ump „ and 

^ «<= a hont 0.4 nm theref£Oj>-«nen/-" , = 

at^msta nce of about ^ ^7 M| ^ ||||>nBt , of 

shifts ^he longer wavelet side T current . 
th e device rises with the increase th/ J lQngltudlnal 
The probability of generation of/single g 

• elated to a spontaneous emission 
mode oscillation is related to vy 

factor (psp) given by / ... (1) 

psp . r-V-K,^-n-V-V Qf tne aotlve la yer. 

wh ere T is the confinement <«^« ^ re£leotive of 
X is an oscillation wavelengt^. ^ ^ ^ ^ transverse mode, 
the complexity of the elec y. ^ ^ ^ Qf ^ 

n is an eauivalent ^a^f* widtn of the spontaneous 
active layer, and 6X is th ^ ^ ^ 

- iSSi ° n ^ZaJLC probability of generation of 
value psp. the higrfer^he prp 

sln gle longitudinalUde o^*"^ ^ 

„Ahp jflevice A. tnereiui^ 

1,1 tu^M is as short as 0.98 „». so that 

oscillation wavelength (M is ^ ^ 
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oscillation wavej^- - of ^ 

- ".TVST^ to be able to 

Pr0bab ri/iowlhg Problem will be aroused. ^ ~« • 

• / nnfrU ctecl in a manner such that tne 
module -y- S " UOt ; d e longitudinal mode oscillation is 

"I tHn OP ical fiber. * laser beam generated by 
connected to an «f v. fl s its noise 

slng l /longitudinal mode ^^T^ ligh t from 
prop/ties lowered ™ ^ purther . the 

ili^rfSn^T :he laser t-^r^^^-^ ^ 
flight. Accordingly, an optical outp 
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the module and monitor current are rendered unstable. 

in order to use the device A as a reliable pumping 

light source f or ^l^-^M-SSSi^^ 1 ^ 
necessary to solve the above problem that is/ttnbutable 
to single longitudinal mode oscillation. / 

The result (2) implies «» *oll«l& situation, 
consideration of gain differences caus/d between the 
iongitudinal modes for single longit/dinal mode oscillation 
f or the aforesaid reason, the long/tudinal mode hopping 

= =„h«tantial discontinuous fluctuations 
occur which causes substantial ai 

of the optical output when the/gain band shifts to 
ionger wavelength side in response to temperature rise. 
" when the injected current almost reache s ^ ^ 

therefore, the current -optical output characteristic loses 

that the first kink (a,) is generated, 
its linearity, so that tne iiu 

Then, the invekt¥s iereof observed a far field 
pattern of the devic^/nd obtained the findings shown in 

FIG. 5. 

In pxg. 5. curve C, represents a transverse 
oscillation mode for the case where the injected current is 
lower than A,, arid curve C 2 represents a transverse 
oscillation mode for the case where the injected current is 
near A, (or where the second kink a, is generated) . 

!f the4njected current increases to A 2 . as seen from 
, TIG 5 uniimodal transverse oscillation modes shift 

holonta/ly from the center position of the device A «or 
undergo/earn steering,. Thus, the direction of emission of 

the las4r beam changes- 

An the case where the module is constructed by 

/ «-», ^^a+^ibar to the device A, therefore, 

0 connecting the_jap£±€Ki.L 1 c — 

the 7 op^d^Toutput fetched throu^the-opfecal^f xb 
'i^uateB when the injected current reaches a value 
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. * \This is supposed to result in the 
approximate to ft,.^" f< • ^ cur rent-optical 

generation of the sec>><4 

output characteristic . 

OBJECT AHD SUMMARY OF THE IHVEHTIOH 

for the present invention is to provide a 
W ob 3 ect or the pr ^ galn . wavegaiQ e type. 

semiconductor long ltudinal multi-mode without 

oa pahle or oscrlla ng m QUtput 
generating any Krnks rn in je cted current 

of 500 mA or more. lnventio „ is to provide a novel 

mother object ° £ the use as a high- 

semiconductor laser devrce adapted 

r eliahility pumping 11** f^f^ to f or m a 

am plif ier and connected to an can be 

m odule. in which a had ^"^^ beam steering in 
res trained and there is - «~ 

a far field pattern, so that tx 

optical output ^ - ^ b r:L te4 the following 
0 Th e inventors hereof gatlon to achieve the 

examinations in the process of J 9 ^ 

• 4-o These examinations wxxi 
above objects. These mode oscil iation 

(1 , First, single longr ^ ^ ^ semi conductor 

occurs with «^Jl°^Z 2 a short-wavelength hand of 
» laSerdeV10eth If the jected current increases, the 

about 0.98 van- I* the 3 ^ substantia l 

longitudinal mode hopping occurs wh ^ ^ 

„f the optical output. This re 
fluctuations of the op ourren t-optical 
development of a first Xmx (a,) 

3 0 output * a « CteriS " at °r;; nterv als between the 

It is Known that ^ ^ ^ reoiprQcal of 

longitudinal modes are prop 
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i IL> of the device. Therefore, the 

the cavity length (L) or tn shortened 

^z=r- - — — », - — - 

„v.-i4=+- of transverse osciimi-J-u 
(2) Further, a shxft or ua 

■ i *. h «t causes a second kink (a a ) is a 
(beam steerxng) that causes following ca use. As 

takes place from the following 
phenomenon that taKes * temperature is 

the injected current increases r lndex of 

accelerated by resistance heating. Ther ^ 
a regi on near the active layer is increased by t 

„ +. oo that the distribution width of lxgrn: 
le ns effect, so that th Accordingly . the carrier 

horizontal direction is reduced. 

■«. «f a light distribution area is lowered oy 
density of a ^ the refract ive index 

hole burning of carriers. * iTldpx 
M further In the end, the refractive index 

. tmav be advisable to design the device 
, therefore, xt may be adv ^ 
x ~ 4-H«t its resistance heat is smdn 
(cavity) so that xts re necessary 

rx r — - — - 

lower the resistance of the device, 
lowei vi device is 

(3) If the cavity length (L) ot 
5 (> . , hls case the quantum efficiency lowers 

increased, in this case^ J ^ & ^ 

inevitably. However, this can 

reflection surface as the quantum surface of the d 

^. these circumstances, the 

In -- id - ation ; f tii t e he ; a ; ity length w of the device 

, 0 inventors ^J^^ outp ut .haracteristic of 
A and examined the current vy 

inventors found that the 
the device. Thereupon, the xnventor 
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* t-h* current-optical output characteristic 

. .... „, r r rrrr— ' «: ». 

developed the semiconductor laser devi 

present invention. provided a 

Thus, according to the invention, there P 

„ , nr laser device comprising: a laminated 
semiconductor laser aevx active 

structure of a --"^,^^^^1^ 

i ay er formed of a .antum- : L^e, an, a hi 9 h- 
, film formed on one end face or 

reflection film formed on the other end face of the 

M reLa.!,. the -ice has a transverse lioht 
5 confinement structure with tne transverse 

difference of about 1 * 10- for oscillation modes, the 
difference , ow . re£lec tion film on tne one end face 

reflectance of tne low re ^ ^ _ ^ ^ 

is 5% or less, and the active x * 
quantum well structures. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a laser device A of the 

gain-waveguide type; 

FIG. 2 is a sectional view taken along line 

25 FIG " 1; 4. .ntiral output characteristic 

FIG. 3 shows a current-optxcal ouipu 

curve for the device A of FIG. 1 (for the case of the 

cavity length of 800 ^ ^ q± ^ device of 

FIG. 4 shows an oscillation *u 

30 FIG ' 1 ; IG . 5 is a orapn sho„in g transverse modes for a far 
field pattern of the device of FIG. 1; 
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FIG. 6 i. a graph showing the relation between the 
oav ity iength CM of the device an, the current value for 
the generation of a kink (aj; 

FIG. 7 is a graph showing the relation between the 
oavity length (L) of the device an, the current value for 
the generation of a kink (a 2 ) ; 

fig. 8 shows an oscillation spectra* of a device 
according to the invention with the cavity length of 1.500 

"fig. , shows a current-optical output characteristic 

. ■ ~ rt -F the invention with the cavity 
curve for the device of the inven 

length of 1.500 ^m. 

detailed description of the preferred ehbodimehts 

A device acc^ing^he^resent invention will now 

b e describe, with * 

^ 2 ' fttel invention has a layer structure 

The device of the^nvsn^-- 1 -" 

such that a semiconductor Material is put on a 

JZJ for example, the MOCVD method. 

— :::: zxr^ - . struoture - 

*f J ^ 3 ^e®oii*-TRaTe?raW = ^oT* 0 ?he device A. 
^^et^dts^hiT.eature of the device of the 

n in of 1,200 \m or more 

invention lies in the cavity length L of 1 J- 



■lOn lies a." — - 

If the cavity length (L) increases, the intervals 

b etween the longitudinal modes which oscillate in the gain 

ba nd of the oscillation spectrum are shortened in 

oroportion to the reciprocal of the cavity length, as 
proportion ^ (u ^ ^ or 

mentioned before. ir n f 
mo re and if the quantum well structure x. formed of 
InGaAs/GaAs , the interval between each two adjacent 




25 



30 



10 




an optical 
light from 



iongitudinal oscillation modes is about 0.12 nm , 
This oscillation spectrum shows a longitudinal mult,- 
oscillation mode in which a large number or longitudinal 
oscillation modes aggregate densely at short intervals in 

^ t X-e or a module that is formed by connecting 

flb er to the aforesaid device, therefore, return 
llgnt rx^the optical fiber is also based on the 
longitudinal multi-mode, so that oscillation of a laser 
10 beam can blrestrained from being made unstable by the 

return lighV- ^tl-oscillation mode, moreover. 

In this longitudinal multi oscmo 
gain differences between the longitudinal modes are so 
small that fluctuations of the optical output are small 
15 Ln if the longitudinal modes ,ump. In conseguence the 
first Kin, (a,, ceases to be generated in the current- 
optical output characteristic. 

in order to obtain more stabilized the 
m ulti-oscillation mode, the volume of ~ -^^^ 

20 ls formed of the ^^^J^T^JL 

be reduced. More specifically, it is aav 
o two quantum well structures to form the 

* artive layer is reduced, the 

If the volume of the active x&y 

value P sp in expression ,1, becomes greater, so that le 
2 5 longitudinal mode oscillation is restrained. If the act 
la yer volume is lessened, moreover, the internal loss of 
Je cavity is reduced, so that the optical output can be 
improved . 

♦-v. is 1 200 um or more, 

If the cavity length ^ loMered . 

30 furthermore, the volume resistance of the cavity 

If the injected current is increased, therefore, the 

I of the active layer is restrained from rising, 
temperature of the active j- * 
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so that the laser beam no longer can be Moved. In 
co„se q uence. dislocation of transverse -""^T 
Cea, steering,, which occurs with conven tional devices 
lever taKes place, so that the second Kin, (a,, cannot be 
, generated in the current-optical output <*«~*~'£- 

• case of the device according to the 

Thus, m the case or 

Hnn the cavity length (U is adjusted to 
present invention, the cavix-y a „ aT1Tlrt 4. be 

x fha 4. f hP kinks a, and a 2 cannot oe 

1 200 um (or more), so that the kinKs x 

4- .ntical output characteristic 
generated in the current-optical ourp 

* therefore the linearity of the curve can be 
0 curve, and therefore, me 

maintained. ,. , n -results 

Since the increase ox the cavity length (L) result 
in a reduction or the ^antu-n efficiency, however, a low- 
reflection film should preferably be forced on one end face 
L5 front facet, of the cavity in the device of the nventron. 
More specifically, a low-reflection *U» with a 

The cavity and a high-reflection film with a reflectance 
of 80% or more on the other end face. 
20 [Example] 

^^^rrTn-,l G aXs with a thicKness of 
2 ^ an active layer 3 formed of two centum well 
structures of InGaAs and GaAs. an upper clad layer o P 
25 AlGaAs with a thickness of 2 and a cap 

CaAs with a thicKness of 0.3 - were successxv ,1 ^ 
ln layers on the (100, surface of an n-GaAs substrate 
the MOCVD method. Thereafter, the upper part of 
resulting layer structure was f or.ed into a mesa 
30 ^ and 2 - bigh. and its whole surface was coated 

« «f «5iN The back surface of the 
with a passivation film 6 of SiN. The of 
substrate 1 was polished so that the overall thickness 
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v. v inn um After that portion of the 
KcfT , a1 .p W as about 100 \m. 

structure, and a lowei 

= t *vr. r::.::.rr:r:. :„ ... . . r -~ 

. . f t ^ a low-reflection film 9 of SiN 
different cavity length (L) , a low r 

face S, of the bar, and a hign 
was formed on one end face S, 

£ c . n /ci was formed on tne o" 1CJ - 

2^-1*3X3*^^ ini ected 
e nh . ained m this manner, xn 3 ected 
For the devices obtained in 

currents « - — — 1 Wlth 

which kinks are ^ were — ^ ^ the 
The -kink" is defined hereirTas a sta 

ou-rtJi efficiency of an oscillated 
external dif f ere^ial OT«rtum 

• i«Krf™>re in consideration of tne 
,,. er beam is 15*per more, j- ,._„,. 
laser d«j«u pumping light 

20 practicalijy-6r the device for use as a p P 

SO "w 6 shows the results of measurement on the kink 
, , J a t is attributable to jumping of longitudinal modes. 
( " As seen from PIG. «. the kink (a,, current value of a 
.he cavity length (L) of 800 p. is 200 mA. 
" TtLnrl die hlLg the cavity length W of 1.200 
s 350 1 xn the case of a device having the cavity 
irr. of 1,00 however. ^ ^ ^ 
700 ^ ao no t cause generation of ^kink^, ^ _ 

ptg 7 shows the resuxts* u^- 
30 Ml3, ' , nfl £or the time of 

(«,) that is attributable to beam steering 

high current injection. 
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, fig 7 the kink (a,) current value of 
As seen fro, «G 7 ^ ^ ^ ± . ^ 

the device havmg the cavrty ^ ^ ^ 

that o£ the -ing the cavity length 

is 550 mA. and that of ^ cavity 

(L) of 1.500 urn is 700 mA. Thus ' that causes beam 

length (L) . the higher the current value 

steering is. iength (L) ls l0 nger. 

This proves that « * „ t is 

distance heat ---able to the ; ^ ligature of 

reduced -" eSPOnain9 ^';; straine4 to ensure a satisfactory 
the active layer can he occurring no 

transverse light confinement effect by 

.. the transverse mode fieia. 

dlSPla rr e case 1 re the invested current is at ,00 m*. 
in the case w ^ cavlty lengths 

operating voltages for the ae ^ ^ 

- -° - 1 - 2 °° ^; an ::: 50 r g :::ter the 

1 75 V. respectively. Thus, 

(L) . the lower the operati - Qf the devloe 

FIG . . shows an osc = J f<w the oase whe re 

, with the cavity length (L) of 1.500 m> 

the injected current is at ,00 - ^ ^ _ ^ 

" T Ttl oscillation mode in which a large number 
longitudinal multr-oscrlla intervals in a gain 

of longitudinal modes exist at shor 
, 5 bands.. The interval between each two adjacent 

• .ngitudinal modes » ^^Z* 
FIG. 9 shows a current 

curve for this device. ^ 

r.f this device, as seen xj-^ 

urs «-» - - «— aeneration 

^ ,^ e riqtic is maintained, 
output characteristic 
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As is evident from the above description, the 
semiconductor laser device of the gain-waveguide type 
according to the present invention undergoes longitudinal 
multi-mode oscillation. In the module that is formed by 
connecting the device to the optical fiber, therefore, a 
had influence of the return light can he restrained, and 
there is no possibility of dislocation of transverse modes 

(beam steering, in a far field pattern, so that 

fluctuations of the fetched optical output can be mhxbrted. 

in consequence, the linearity of the current-optical output 

characteristic can be maintained as a whole even if the 

injected current is increased. 

Thus, the device according to the present invention. 

for use as a pumping light source for optical fiber 

amplifier, is of great industrial value. 



